ABSTRACT. The primary objective of the study was to elaborate a synthetic topoclimatic map of the area of the Słowiński National Park (SNP). The spatial scopes of individual types of topoclimate were distinguished using the method proposed by Paszyński (1999). Pursuant to this method, the topoclimatic classifi cation -and subsequently topoclimatic charting -is performed on the basis of an analysis of the exchange of energy between the atmosphere and its base. The research conducted allowed us to determine that the SNP contains 12 types of local climate, and also to designate the spatial scopes thereof.
Introduction
The area of the Słowiński National Park (SNP), located on the Słowiński Coast of the Baltic Sea, is a particularly valuable fragment of the Polish biosphere, which due to its unique natural values has been classifi ed by UNESCO as a World Biosphere Reservation and also included in the network of wetlands covered by the RAMSAR Convention. To date, a considerable part of the elements of the Park's biosphere has been researched, and the results published. One of the elements that has not yet undergone a complete scientifi c analysis is the ground layer of the troposphere, in which specifi c types of topoclimate develop.
Numerous climatologic research projects have been conducted on the area of the SNP. However, the majority of research has been carried out on a small fragment of the Park's area, situated in its northern part, which covers the central part of the Łeba Sandbar. This work has resulted in a precise description of the thermal and humidity conditions of selected types of ecosystems (Kolendowicz, 2002; Rabski, 1987) , and of the daily variability of wind velocity and direction (Bogucki, 1994; Tamulewicz, 2002) . The variability of the cooling magnitude of air has also been determined (Medzińska, 1991) . Furthermore, an analysis was performed of the synoptic determinants of strong precipitation during the summer period (Kolendowicz et al., 2004) . The problem of the climate of the Park's area on a mesoclimatic scale has been touched upon by Rabski (1992) . Hitherto, research facilitating the distinguishment of specifi c types of topoclimate has also included the area of the Sandbar (Bednorz et al., 2001) .
The topoclimate is understood to mean the climate of a given local area or of a very small area (Thornthwaite, 1953 (Thornthwaite, , 1958 . It develops under the impact of local (area-specifi c) factors, and is a function of the topographic profi le, land coverage, vegetation, and water and soil relations, while at the same time it infl uences the development of these elements. In the climatologic hierarchy, the topoclimate occupies a position between the mesoclimate and the microclimate.
We may state that the impact of the Earth's surface on the atmosphere is limited, when analysed on a daily scale, to its boundary layer. In turn, the greatest differentiation of meteorological elements, which results from signifi cant values of streams of momentum, mass and heat, occurs in the lower part of this layer, known as the ground layer. Thus, individual types of topoclimate originate under the infl uence of the diverse action of the active surface on the atmospheric layer located directly beneath it, which is characterised by a variable daily thickness, totalling a few dozen metres during the day and a few metres at night (Paszyński, 1999) .
The aim of the study and research methods
The primary objective of the study was to elaborate a synthetic topoclimatic map of the area of SNP. Topoclimatic research is rendered diffi cult by the necessity of conducting fi eld observations using specialist measurement equipment or basing on the cartographic analysis of areas -in the broadest meaning of the term. The main problem concerns attempts at presenting climatologic reality on a four-dimensional plane, which in addition to the three spatial dimensions takes into consideration the variability of climatic phenomena over time (Błażejczyk, 2001) .
The map outlining the scope of selected types of topoclimate presented in the study ( Fig. 1 ) is intended to broaden our climatologic knowledge and fi ll the gap in scientifi c literature concerning the SNP, with its unique natural features.
Methodological achievements regarding detailed climate charting are relatively abundant. Attempts at determining the topoclimate of specifi c townships or larger fragments of the Earth's surface are rather numerous -both in Poland and abroad. As regards Polish literature describing the topoclimate of selected townships, particularly noteworthy are -among others -the works of Jankowiak & Parczewski (1978) and Błażejczyk (1984) . Fragments of the territory of Poland have been the subject of topoclimatic studies carried out, among others, by Paszyński (1966) , Skoczek (1970) , Grzybowski (1983 Grzybowski ( , 1986a Grzybowski ( , 1986b , Obrębska-Starklowa (1980 ), Błażejczyk (1992 , Tamulewicz (1997) , Bednorz et al. (2001) and Kicińska et al. (2001) .
Usually, works concerning the issue in question for the area of Poland take into consideration 
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LEGEND to Fig genetic criteria. The majority of existing topoclimatic studies are based on the method proposed by Paszyński (1980 Paszyński ( , 1999 , which takes into consideration the exchange of energy between the active surface and the atmosphere. Amongst methods that could be used as the basis for elaborating topoclimatic maps, one may mention -in addition to Paszyński's method (1980 Paszyński's method ( , 1999 -the proposal put forward by Kluge (1980) , which makes it possible to use derived formulae that take into consideration geographical coordinates and height above sea level in order to determine the average temperature in a warm or cold half-year on a grid of parallels (every 0.5') and meridians (every 7.5'). The fact that the height above sea level could be taken into account has enabled the author to classify the elaborated air temperature distribution maps as topoclimatic maps. Grzybowski (1990) has proposed a method of determining topoclimate types based on the structure of the thermal balance of the active surface, distinguishing the types, grades and variations of the topoclimate. The proposed distinguishment has been based on the following: the differentiation of the radiation balance, its structure, and the properties of the active surface.
The fi nal proposal centres on the concept of a survey topoclimatic map as authored by Błażejczyk (2001) , which is to result in a map on a scale of 1:200 000 with a primary area of 1 x 1 km, elaborated using GIS techniques and procedures.
In foreign literature, examples of survey topoclimatic or biotopoclimatic maps covering the area of entire countries include maps of Romania (Bogdan et al., 1977) , the Czech Republic (Quitt, 1992) and Germany (Jendritzky, 1990) .
In order to determine the spatial scope of individual types of topoclimate on the area of the SNP, the authors of the present study made use of the method proposed by Paszyński (1999) .
Pursuant to this method, the topoclimatic classifi cation -and subsequently topoclimatic charting -is performed on the basis of an analysis of the exchange of energy between the atmosphere and its base. One of the assumptions is a comparison of the values of individual energy streams with values characteristic of the standard area (a fl at area with an unobstructed horizon, covered with grass), and an analysis of deviations thereof from these values. Comparisons are made for conditions existing during the predominance of radiation weather, when the absolute value of energy streams and the spatial differentiation of the action of the base on the ground layer are greatest. In addition, the main features of the structure of the energy balance are taken into consideration.
Due to the fundamental differences in the structure of the balance between the day-time and night-time, during the initial charting phase separate maps are elaborated for the day and night; consequently, two divisions of the types of energy exchange within the 24-hour period for the analysed area could be obtained. The final synthetic classifi cation of topoclimate types is achieved by the elimination of less significant distinguishments. In consequence, we arrive at a division of six topoclimate types (acc. to Paszyński's (1999) Where: Q -the shortwave and the long wave radiation balance between the Earth's surface and the atmosphere, H -the stream of the sensible heat, E -the stream of the latent heat, G -the stream of the heat in the soil, A -the anthropogenic stream.
In the present studies, topographic maps of the area of the SNP, drawn up on a scale of 1:25,000, were used as the working base.
Topoclimate type 1 refers to areas that due to their favourable exposure (southerly) or small albedo values are warmer during the day than the standard surface. Topoclimate type 2 is typical of areas with average exposure and albedo values (fl at areas or ones with an easterly or westerly exposure), whereas type 3 is characteristic of areas that are cooler during the day than the standard surface due to their unfavourable exposure, high albedo values, or the obstruction of the horizon. The further division into topoclimate subtypes takes into consideration values of the sensible heat stream (H) during the nighttime. An H stream greater than standard designates areas that are warmer than standard for a specifi c fragment of the 24-hour period, where losses of longwave radiation are compensated by the infl ux of sensible heat from the atmosphere. These are the upper parts of slopes, which are warm during the night. An H stream close to standard values is typical of fl at areas located above valley beds, whereas an H stream lower than standard is characteristic of depressions, where there exist conditions for the development of marginal lakes of cool air.
A further division into subtypes is based on the Bowen's relation (relation of H to E) during the day. Areas for which the Bowen's relation (H/E) is greater than one are ones with small evapotranspiration values, relatively dry, with sparse vegetation or totally devoid of vegetation. In the event that E stream value is greater than the H value, the area is characterised by relatively intensive evapotranspiration caused by lush vegetation or the wetness of land. For depressions (H<Hst) with average values of the radiation balance (Q), the division into subtypes takes into consideration the relation of the stream of sensible heat to the stream of heat in the base. For H>G, compensation for heat losses during the night occurs thanks to the turbulent stream of sensible heat. For H<G, in turn, heat is supplemented thanks to the energy gathered in the tall vegetation. A topoclimate with positive values of the turbulent stream of sensible heat during the day (the infl ux of heat occurs to the base) and negative values during the night (heat from the base warms the atmosphere thanks to the H stream) is characteristic of water areas (Paszyński et al., 1999) .
Research results
In accordance with the physical-geographical division of Poland introduced by Kondracki (1998), the SNP constitutes an element of the Słowiński Coast mesoregion. This mesoregion is the most northerly part of the Koszalin Littoral, which forms a part of the Southern Baltic Littoral region. The area of the Park covers a part of the Gardno-Łeba Lowland and the Łeba Sandbar. The southern part of the Park covers the end moraines of the Gardno-Łeba phase of the fi nal glaciation, with the highest culmination being 115 m above sea level. (the Rowokół hill). The Park's terrain includes a few lakes, among others Łebsko, Gardno, Dołgie Wielkie, Dołgie Małe and Smołdzińskie. The area in question is drained by seven rivers. The largest of these are the Łeba, which fl ows through the Łebsko Lake, and the Łupawa, which fl ows into the Gardno Lake. Water occupies more than 30% of the area of the SNP.
The analysed area is covered by a mosaic of ecosystems. Forest ecosystems comprise nearly 20% of the area, and of these 80% are woods in which Scots pine is predominant (more than 70%). Apart from pine, silver birch accounts for more than 12%, black alder for nearly 6%, downy birch for 2.5%, and Norway spruce and European black pine together account for more than 2% of the area. The remaining species (European beech, English oak, etc.) have a total share in the forest stand of approximately 1%.
Conditions existing in the Park are conducive to the development of peat-bogs. In particular, low-lying peat-bogs fl ourish around lakes and water-courses, with their high levels of underground water. What is more, the prevailing conditions support the development of high-lying and transient peat-bogs.
Meadows are present near the Łebsko and Gardno Lakes on the Gardno-Łeba Lowland.
The activity of the sea and wind has led to the creation of many generations of crescent-shaped dunes on marine barrier sands, transformed into curved dunes and inselberg and defl ation-type forms. In the central part of the Łeba Sandbar there was formed a dune fi eld with a length of approximately 5 km and width of 1 km, originating from crescent-shaped dunes moving with a speed of 2-10 m/year.
A detailed analysis of topographic maps on a scale of 1:25,000, which covered the entire area of the SNP, supplemented by fi eld studies, formed the basis for determining the spatial scopes of the topoclimate types distinguished in Paszyński's classifi cation (1999) .
The area of fl at beaches covered with light sandy formation, subject to direct exposure to the sea on a topoclimatic scale, has been classifi ed as belonging to the topoclimate type designated 2.2.1. This type refers to areas with average values of the radiation balance (Q) and devoid of vegetation.
The majority of areas with a somewhat uniform topographic profi le, with the exception of river valley beds and areas adjacent to lake shores, covered with forests or forest formations, are typical of the topoclimate type designated 2.2.2. Here, the values of the radiation balance (Q) are average during the day, as are the values of the turbulent stream of sensible heat during the night, with the turbulent stream of latent heat (E) (considerable evaporation) prevailing over the stream of sensible heat (H) during the day. Higher land forms with clearly marked slopes and a southerly exposure, covered with vegetation, are typical of the topoclimate type designated 1.1.2. This refers to areas with positive deviations of the radiation balance (areas warmer than standard during the day) and positive deviations of the H stream during the night, with the E stream prevailing over the H stream during the day. Similar forms, however without vegetation (southern, clearly marked dune slopes), are subject to the topoclimate type designated 1.1.1. This topoclimate type is characterised by positive deviations of the radiation balance (Q) during the day, positive deviations of the turbulent stream of sensible heat during the night, and a positive Bowen's relation during the day (prevalence of the H stream over the E stream).
Dune areas devoid of vegetation, with the exception of the clearly marked defl ations and slopes with a northerly or southerly exposure, belong to the topoclimate type designated 2.1.1. They are characterised by average values of the radiation balance (due to the considerable albedo values following from the light colour of the dune sand), positive deviations of the H stream during the night and the predominance of the H stream over the E stream during the day.
Areas located in the immediate vicinity of lakes and in water-course valleys, covered with grassy vegetation or reeds, are included in the topoclimate type designated 2.3.1. These areas are fl at and wet, situated in depressions with an unobstructed horizon, with average values of the radiation balance and negative deviations of the H stream during the night. Heat lost through radiation during the night is supplemented by the infl ux of heat from the atmosphere. If the aforementioned areas are forested, the topoclimate type changes to 2.3.2. Heat losses on the active surface during the night are supplemented with heat gathered in the vegetation (the G stream is greater than the H stream).
Areas of undrained depressions (defl ationtype depressions in dune fi elds), devoid of vegetation, are characterised by topoclimate type 3.2. They are distinguished by a negative radiation balance (Q) during the day, this due to the partial obstruction of the horizon, and negative deviations of the value of the turbulent stream of sensible heat (H) during the night (marginal lakes of cool air gather in this time).
The type 4 topoclimate covers areas of water reservoirs, while the type 6 topoclimate covers areas on which the anthropogenic heat stream A occurs.
Conclusions and discussion
The majority of the area of the SNP is covered by topoclimate type 2, with average values of the radiation balance during the day. This includes both areas with vegetation and considerable areas of dunes made of light eolian sand, and the beach area and terrain covered with relatively low meadow vegetation, located in water-course valleys and on lake shores. Furthermore, signifi cant in terms of the surface occupied are the water areas, which comprise more than 30% of the Park's area. They are covered by topoclimate type 4 and are characterised by the reversal of directions of the turbulent stream of sensible heat during the day-time and night-time in relation to land areas. This is directly connected with the difference in thermal capacity between water and land (Paszyński et al., 1999) . Areas with a small surface are covered both by topoclimate type 1, with positive deviations of the radiation balance during the day (slopes with a southerly exposure), and type 3, which is characteristic of undrained depressions, in which marginal lakes of cool air gather during the night. Only very small fragments of the Park are covered by a climate with a stream of anthropogenic heat (A). These are small areas in the eastern part of the SNP.
The research results obtained, in the form of designated scopes of topoclimate types in accordance with Paszyński's classifi cation (1999) , are concurrent with the results of work carried out by other authors -Tamulewicz (1997), Bednorz et al. (2001) . The transparency and clarity of criteria adopted in the method ensure that it is an excellent tool for designating the spatial scopes of selected types of topoclimate on a scale from 1:20,000 to 1: 50,000.
